Dielectric measurements in the frequency range 10 5
Introduction
Rifamycins are the principal group of antimicrobials which inhibit prokaryotic transcription and are extensively used to combat Mycobacterium tuberculosis infections (Woodley et al., 1972) . This group consists of a number of related compounds biosynthesized by Amycolatopsis mediterranei (Lancini and Parenti, 1978) ; the genes responsible were cloned and characterized (Schupp et al., 1998; Tang et al., 1998) . These natural products have been modified to enhance efficacy: rifampicin is the most widely used, but other examples are rifabutin, rifapentene, and rifamixin (Sensi, 1983) . Rifampicin binds to the DNA-dependent RNA polymerase and blocks the elongation of the RNA (Wehrli and Staehelin, 1971) . Another response to rifampicin in mycobacteria and related species is its inactivation, the drug being decomposed (Dabbs, 1991) . Subsequently, two additional inactivation mechanisms were identified: glucosylation by Nocardia brasiliensis (Yazawa et al., 1993) and phosphorylation by Nocardia otitidiscaviarum (Yazawa et al., 1994) . Another mechanism, riWhile this manuscript was processed an interesting article related to Arr structure and diversity was published by Baysarowich J. (2008) , Proc. Natl. Acad. Sci. USA 105, 4886Ð4891.
0939Ð5075/2008/1100Ð0889 $ 06.00 " 2008 Verlag der Zeitschrift für Naturforschung, Tübingen · http://www.znaturforsch.com · D bosylation, was first observed in Mycobacterium smegmatis. It was shown that this ribosylation consisted of a two-step biochemical reaction after the initial formation of an ADP-ribosylated drug (Dabbs et al., 1995) . The ADP-ribosyl transferase (arr) enzyme consists of 143 amino acid residues and is unusually thermostable (Quan et al., 1997) , although highly photosensitive. Disruption of the arr gene in M. smegmatis resulted in susceptibility increasing by 12-to 15-fold, showing that this gene product does contribute to the quite high in vivo rifampicin MIC (Dabbs and Quan, 2000) .
Considering the relatively little knowledge about the chemico-physical properties of this protein, so important in antibiotic inactivation, we decided to gain an insight into this particular aspect adopting a well established biophysical approach. This is based on dielectric spectroscopy which provides information on the conformational structure of the protein and on protein-nucleic acid interactions Risuleo, 2003, 2005) .
Experimental

Error-prone PCR mutagenesis
PCR was performed in a MJ MINI TM thermal cycler (Bio-Rad Laboratories Ltd., Johannesburg, South Africa). The template was the arr ORF, cloned into pGEM3Z(f-) (Promega Corporation, Madison, WI, USA). The reaction utilized 5Ј-GTGGTGGCGAATCCGCCGAAA-3Ј and 5Ј-CTAGTCATAGATGACCGCGAG-3Ј as the forward and reverse primers, respectively. Mutagenic PCR was used to introduce random point mutations into the arr ORF. The amplification product was subjected to agarose gel electrophoresis to verify the fragment of interest. The amplified fragments were cloned into pGEM-T-Easy (Qiagen, Cape Town, South Africa) and tested for reduced rifampicin MIC in E. coli DH5α.
Protein purification
The culture (100 ml) was centrifuged, and the resulted pellet re-suspended in 1 ml lysis buffer [50 mm NaH 2 PO 4 , 300 mm NaCl, 10 mm imidazole, lysozyme (1 mg/ml final concentration)] and incubated on ice for 30 min. Cells were broken by sonic vibration (VCX 600 Vibra Cell, Sonics and Materials, Inc., Newtown, CT, USA) for 10 s (6 cycles) with 5 s intervals. The lysate was centrifuged at 3 · 10 4 ¥ g for 25 min at 4 ∞C. The supernatant (600 μl) was applied to Ni-NTA spin columns equilibrated with 600 μl of lysis buffer. The cleared lysate contained the 6¥His-tagged protein.
The columns were microfuged for 4 min at 2 · 10 3 ¥ g for 4 min. The eluate was collected and columns were washed three times with 600 μl of wash buffer (50 mm NaH 2 PO 4 , 300 mm NaCl, 20 mm imidazole). The wash fractions were analyzed by SDS-PAGE to ascertain the stringency of the wash. The fusion protein was eluted twice with 100 μl of elution buffer (50 mm NaH 2 PO 4 , 300 mm NaCl, 250 mm imidazole) after centrifugation at 2 · 10 3 ¥ g for 2 min. 
Dielectric spectroscopy
The apparatus was a computer-controlled HP impedance analyzer, Mod. 4194A, working in the 0.1Ð100 MHz range. The measuring cell was previously described (Bonincontro et al., 1996) and calibrated according to standard procedures (Athey et al., 1982) . The errors on the real, εЈ, and the imaginary part, εЉ, of the complex dielectric constant, ε, were within 1% and 3%, respectively. The dielectric relaxation loss, ε d Љ, was obtained subtracting the ionic contribution, / ε 0 ω, where is the sample conductivity, ω the angular frequency of the applied electric field and ε 0 the vacuum dielectric constant. The cell was thermally controlled to (20.0 ð 0.1) ∞C.
Results and Discussion
We used the polymerase chain reaction (PCR) as modified by Cadwell and Joyce (1992) . This approach exploits the elevated error rate of Taq polymerase in the presence of high concentration of MgCl 2 (10 mm) without significantly decreasing the level of amplification. Additionally, 0.5 mm MnCl 2 was added to the reaction mixture. Thirty amplification cycles were carried out resulting in the amplification of a region of the adenosyl-ribosyl transferase gene encompassing 432 bp. Fig. 1 shows the results of the mutagenesis. The mutation was assessed by restriction site destruction and resulted in the transversion CCG 5 ACG at nucleotide position 16 leading to a proline 5 threonine amino acid substitution. The chemical nature of the two amino acid residues is significantly different. Therefore one could expect significant structure alterations deriving from this amino acid change. As a matter of fact both amino acids are chiral, but the proline side chain is constituted by a closed ring formed by three ÐCH 2 groups linking the α-C to the N atom in the amino group. Threonine, on the other hand, has an aliphatic side chain containing an ÐOH group. Interestingly, this hydroxy group may be modified by glucosylation. This side-chain modification is involved in rifampicin de-toxification in two different bacteria of the Nocardia genus (Yazawa et al., 1993 (Yazawa et al., , 1994 . It should be noted, however, that the amino acid substitution caused in our mutant did not result in a reduced rifampicin MIC in E. coli DH5α (not shown).
The hypothesis, that mutagenesis may result in a structural alteration of the enzyme, was probed by dielectric spectroscopy, a strategy successfully used in our laboratory to investigate biomacromolecules Risuleo, 2003, 2005) . Fig. 2 shows the result of the dielectric measurements performed on wild-type (wt) and pMG1 mutant protein in solution.
Data were fitted with the real part and imaginary part of the Cole-Cole equation Table I . Results of the Cole-Cole best fit of the experimental data. The concentration, the calculated apparent hydrodynamic radius and electric dipole moment are also presented. pGM1 is the recombinant plasmid encoding the mutant DNA sequence.
Wild-type 1. 
where ε is the complex dielectric constant, f is the measuring frequency, f * is the relaxation frequency, i is the imaginary unit, Δε is the dielectric increment, ε ϱ is the value of εЈ extrapolated at high frequency, and α is an empirical parameter taking into account a spread of relaxation times (Hasted, 1973) . The electric dipole moment, μ, of the protein was estimated from the dielectric increment, Δε, using the Oncley formula
where M is the protein molecular mass expressed in kDa, T is the temperature expressed in K, while k is the Boltzmann constant, ε 0 is the vacuum dielectric constant, N is the Avogadro number, c is the protein concentration expressed in mg/ml, and g is the molecular correlation parameter generally assumed as unit factor in dilute protein solutions (Pethig, 1979; Pethig and Kell, 1987) . The effective hydrodynamic radius, r, of the protein was calculated from the relaxation frequency, f *, using the equation
where η is the viscosity of the solvent (Grant et al., 1978) . The results of this analysis are reported in Table  I . The estimated hydrodynamic radius for the wt enzyme appears rather large for a globular protein of this molecular weight. For instance, lysozyme with a comparable molecular weight has a hydrodynamic radius of 2 nm. This means that the rota-tional coefficient of diffusion is influenced by a form factor, which suggests a pronounced elongated shape for the three-dimensional conformation of the protein. In the mutant arr enzyme this conformational parameter does not seem to be affected. On the other hand, the dipole moment is significantly modified. As a matter of fact, the pattern of the relaxation curve clearly shows that the mutant protein has a much higher dielectric increment as compared to the wt enzyme. The dielectric increment is proportional to the concentration. Since the concentration of the mutant protein is lower, the actual effect on Δε is much higher in reality. The value of μ in the mutant increases by about 75% (see Table I ). Considering that the estimated hydrodynamic radius is almost constant, the variation of the dipole moment must be attributed exclusively to a drastic redistribution of the sur-face charges. The increase of the dipole moment is consistent with a significantly higher physical separation of the electric charges.
In conclusion, in this short communication we presented evidence of a significant structural alteration of the arr protein. The dramatic charge redistribution, as demonstrated by dielectric spectroscopy, is due to a single amino acid substitution which apparently does not affect the enzyme-substrate interaction. The results presented here could be of significance for investigators of the mechanisms of drug inactivation mediated by this enzyme.
